Much has been learned about how HIV-induced immune dysfunction
The risk of developing lymphoma is greatly increased in people who have HIV infection: approximately 10% of people with AIDS develop non-Hodgkin's lymphoma (AIDS-lymphoma) (Ziegler 1987 , Rosenberg & Fauci 1990 , Pluda et al. 1990 , Gail et al. 1991 , Moore et al. 1991 , Beral et al. 1991 , Karp & Broder 1991 , Martínez-Maza 1993 , Ballerini et al. 1993 , Knowles 1997 . Also, it is clear that the incidence of AIDS-lymphoma has been increasing. For instance, within the participants in the Multicenter AIDS Cohort Study (MACS), AIDS-lymphoma incidence has increased from <2 cases/1000 person years in 1986 to >12 in 1995, and AIDS-lymphoma as the initial presenting AIDS diagnosis within this cohort has risen from 2.1% in 1985-87 to 9.9% in 1995-96 (unpublished results) . The overall aim of our studies has been to determine how HIV infection-associated immune dysfunction contributes to the development and/or growth of AIDS-lymphoma.
AIDS-lymphoma: pathology and molecular lesions -AIDS-lymphomas can be segregated into several categories: Burkitt's lymphoma-like small noncleaved cell lymphoma (SNCCL), large cell immunoblastic plasmacytoid lymphoma (IBL), large non-cleaved cell lymphoma (LNCCL), and primary effusion lymphoma (PEL), also known as This work was supported by grants from the NIH (US) (CA57152, CA73475, AI36086, AI35040) and the California Universitywide AIDS Research Program (R95-LA-105). + Corresponding author. Fax: +1-310-206.3670 Received 11 March 1998 Accepted 16 April 1998 body-cavity lymphoma, a relatively rare form of AIDS-lymphoma (Cesarman et al. 1995 , Knowles 1997 . These four types of AIDS-lymphoma differ in the frequency of c-myc:immunoglobulin (Ig) gene chromosomal translocations, in anatomical distribution (most primary CNS AIDS-lymphomas are IBL), and in Epstein-Barr virus (EBV) positivity (MacMahon et al. 1991 , Knowles 1997 . All SNCCL display c-myc:Ig translocations. However, only about one-third of these SNCCL are EBVpositive (Ballerini et al. 1993 ). All IBL, on the other hand, are EBV-positive, but only a fourth of these have c-myc:Ig translocations. An intermediate pattern is seen in LNCCL: 25% are EBV-positive and 50% had a c-myc:Ig translocation. Also, LNCCL have been seen to be associated with the translocation and overexpression of the bcl-6 protooncogene (Gaidano et al. 1997) . Therefore, although virtually all AIDS-lymphomas are B cell tumors, these tumors are heterogeneous, in histological type, clinical behavior, and in the molecular lesions associated with these histologically-defined categories. This suggests that more than one pathogenetic mechanism contributes to the development and progression of AIDS-lymphoma (Klein 1989 , Knowles 1997 .
Role of B cell hyperactivation in the pathogenesis of AIDS-lymphoma -While HIV infection is characterized by a decrease in the function/number of CD4 T cells, a marked increase in B cell activation also is seen, as evidenced by elevated serum immunoglobulin [Ig] and spontaneous Ig secretion, and increased numbers of circulating activated B cells (Lane et al. 1983 , Lane & Fauci 1985 , Martínez-Maza et al. 1987 , Mizuma et al. 1988 , Edelman & Zolla-Pasner 1989 , Rosenberg & Fauci 1990 , Widney et al. 1994 . This chronic B cell hyperactivation precedes, and probably contributes to lymphomagenesis in HIV infection (Martínez-Maza 1993 , Przybylski et al. 1996 . This chronic in vivo B cell hyperactivation could contribute to lymphomagenesis simply by increasing the size of the target cell population at risk for genetic accidents that contribute to lymphomagenesis, such as the c-myc:Ig gene chromosomal translocation (Klein 1989 ). However, it is possible that specific features of this B cell hyperactivation are especially important in the pathogenesis of AIDSlymphoma.
One form of B cell hyperactivation that has the potential to be uniquely associated with the development of non-Hodgkin's lymphoma is increased Ig isotype switching. Ig isotype switching is a normal feature of humoral immune responses: primary immune responses are characterized by the production of the IgM class (m isotype), while secondary immune responses to the same antigen feature a much greater proportion of other Ig classes, particularly IgG (g isotype). This switch in Ig isotype, or heavy-chain, to IgG, IgA or IgE, involves a DNA rearrangement in the Ig heavy chain gene. When isotype switching is signaled by various B cell stimulatory factors, including cytokines (IL4, IL13, IL10) and cell surface stimulatory molecules (CD40:CD40 ligand, sCD23), the rearranged DNA joins at the switch regions (discrete regions 5' to the heavy chain coding sequences), with the subsequent excision of intervening heavychain sequences, allowing the Ig variable region gene segment to be placed close to the coding region for the new Ig heavy-chain isotype. Some cytokines induce Ig isotype switching targeted to certain Ig isotypes: IL4 and IL13 preferentially induce switching to IgE and IgG4. Other cytokines, such as IL10 and IL6, enhance Ig class switching without preference for Ig class (Burdin et al. 1997) .
The induction of Ig isotype switching may enhance the occurrence of c-myc:Ig translocations, since this translocation is thought to result from an error in the DNA rearrangements that take place during isotype switching (Potter 1992 , Macgrath 1992 . Rearrangement of the c-myc oncogene is seen in both sporadic (North American and European) and endemic (African) Burkitt's lymphoma, as well as in many AIDS-lymphomas (Neri et al. 1988 , Subar et al. 1988 , Klein 1989 , Karp & Broder 1991 , MacMahon et al. 1991 , Potter 1992 , Macgrath 1992 , Martínez-Maza 1993 , Ballerini et al. 1993 , Cesarman et al. 1995 , Schulz et al. 1996 , Knowles 1997 , Gaidano et al. 1997 . The rearrangement seen in AIDS-lymphoma involves the c-myc gene (often truncated) and the switch region of the Ig heavy-chain gene (Lombardi et al. 1987 , Subar et al. 1988 , Neri et al. 1988 , Potter 1992 , Macgrath 1992 , Ballerini et al. 1993 , Schulz et al. 1996 . While lymphoma results from the accumulation of several genetic lesions, which together result in dysregulated growth and an increased clonal life span, the c-myc:Ig translocation is of great pathogenetic importance, since this translocation can result in a perpetually proliferative state (Lombardi et al. 1987 , Shiramizu & Macgrath 1990 , Macgrath 1992 .
Ig isotype switching is driven by various B cell stimulatory factors, including cytokines (IL4, IL13) and other B cell-stimulatory molecules (CD40:CD40 ligand, sCD23). Since HIV infection-associated B cell hyperstimulation, in particular the chronic stimulation of B cells to undergo isotype switching, may play an important role in the pathogenesis of AIDS-lymphoma, and since sCD23 is associated with Ig isotype switching, we examined serum sCD23 levels in a study of HIVpositive subjects who had developed AIDS-lymphoma. Subjects were participants in the UCLA-MACS, and were segregated into four groups: (1) AIDS-lymphoma, (2) AIDS, with no history of an AIDS-related malignancy, (3) HIV+ with no AIDS-defining conditions, and (4) HIV seronegative. sCD23 and IgE levels were measured in all available sera from visits in the 18 months prior to the diagnosis of AIDS-lymphoma. Greatly elevated sCD23 serum levels were seen in those who developed AIDS lymphoma, when compared to others with AIDS (without lymphoma), or to HIVseronegative or HIV+ subjects who did not have AIDS (Yawetz et al. 1995) . Since the induction of IgE has been tied to the activity of CD23, serum IgE levels also were examined, and found to be significantly elevated in those that developed AIDS lymphoma (Yawetz et al. 1995) . Recently, this finding was confirmed by others (Zinzani et al. 1996) , who noted that sCD23 may be a specific prognostic parameter for non-Hodgkin's lymphoma.
Also, in recent work, we noted that another molecule associated with B cell hyperactivation, soluble CD27 (sCD27) is elevated prior to the appearance of AIDS-lymphoma (unpublished observation). Cell surface CD27, a lymphocyte activation antigen, can be proteolytically cleaved to produce sCD27, which has been seen to be elevated in a number of disease states and malignancies. Serum sCD27 levels in HIV infection and in AIDSassociated lymphoma were measured in a study similar to that described above for sCD23. Significantly elevated levels of sCD27 were seen in subjects who developed AIDS-lymphoma, when compared to subjects with AIDS (non-lymphoma), or to HIV+ (non-AIDS) or HIV-negative subjects (unpublished observation). Both AIDS (non-lymphoma) and HIV-positive (non-AIDS) groups also had significantly elevated serum sCD27 levels, when compared to HIV-negative controls. AIDSlymphoma cell lines also were seen to express cell surface CD27 and its ligand, CD70, and to produce substantial amounts of sCD27. Furthermore, a majority of primary AIDS-lymphoma specimens expressed both CD27 and its ligand, CD70.
Together, these results suggest that B cell hyperactivation, resulting in CD23, IgE, and CD27 overproduction, occurs in HIV infection. Furthermore, the observation that serum sCD27 and sCD23 levels are elevated prior to the development of AIDS-lymphoma, suggests that serum levels of these molecules may have prognostic value in predicting the development of AIDS-lymphoma. More recently, we have re-examined sCD23 expression prior to AIDS-lymphoma, using a more specific second-generation ELISA for sCD23 (Binding Site), and examining a much larger number (n~50) of subjects with AIDS-lymphoma, using a similar study design to that described above. In addition to sCD23, sCD27, IgE, IL6, and IgG4 expression were measured simultaneously in sera from these subjects. Preliminary assessment of these results confirms that sCD23 is elevated, prior to AIDS-lymphoma, particularly in subjects who developed Burkitt's/SNCCL (unpublished observations). Interestingly, serum IL6 levels also were seen to be elevated, over levels seen in subjects with AIDS but without lymphoma, only in subjects who developed Burkitt's/SNCCL AIDS-lymphoma, a type of lymphoma that is characterized by c-myc:Ig translocations (MacMahon et al. 1991 , Ballerini et al. 1993 , Knowles 1997 ), but not in those who developed IBL, large cell, or CNS lymphoma.
EBV infection also may contribute to B cell hyperactivity in people with HIV infection, as well as directly to the genesis of AIDS-lymphoma. EBV can immortalize infected human B cells. Some types of AIDS-lymphoma (IBL) may represent EBV-transformed B cells growing in an uncontrolled fashion in an environment devoid of functional immunoregulation. The high frequency of EBV infection, and low frequency of c-myc:Ig gene translocations, seen in IBL and in CNS lymphomas (Ballerini et al. 1993 , Knowles 1997 , supports this notion, as does the fact that IBL and CNS lymphomas occur in people with low numbers of CD4 T cells (Muñoz et al. 1993) . While widely prevalent, EBV infection is normally tightly controlled by T cell-mediated immunoregulation, including cytotoxic T cells (CTL) (Tosato & Blaese 1985) . However, these EBV-immunoregulatory mechanisms are known to be deficient in people with AIDS (Birx et al. 1986) .
While chronic B cell hyperactivation and loss of immunoregulatory mechanisms almost certainly contribute to the initial development of AIDS-lymphoma, immune dysfunction also may contribute to the continuing growth of malignant lymphoma cells. Various B cell-stimulatory factors could directly support the growth of emerging malignant AIDS-lymphoma cells, by serving as autocrine/ paracrine growth or viability factors. For example, IL6, a B cell-stimulatory cytokine that has been seen to act as a growth factor for various human malignancies, including multiple myeloma, as well as IL10, also a B cell-stimulatory cytokine, are produced by or near AIDS-lymphoma cells in vivo (Emilie et al. 1992a (Emilie et al. , b, 1997 . We have seen that IL6 can enhance the resistance of EBV-transformed lymphoblastoid B cell lines (B-LCL), cells that are similar to IBL cells, to specific CTL (Liu et al. 1995) . Our recent preliminary studies indicate that IL6 is elevated prior to the appearance of AIDSlymphoma, particularly in those who develop Burkitt's, SNCCL AIDS-lymphoma. Therefore, immune dysfunction, in particular the over-production of B cell-stimulatory cytokines, could contribute to the growth of nascent lymphoma cells, in addition to contributing to the genesis of these cancers.
Immune dysfunction and B cell hyperactivation in HIV infection -There are several means by which HIV infection could result in polyclonal B cell activation: (1) direct polyclonal activation of B cells by HIV or HIV superantigens (Pahwa et al. 1985 , Schnittman et al. 1986 , Yarchoan et al. 1986 , Berberian et al. 1993 , (2) chronic antigenic stimulation of B cells by HIV (Amadori et al. 1989) , (3) HIV infection resulting in the loss of T cell-mediated immunoregulation of EBV-positive B cells (Birx et al. 1986 , Martinez-Maza 1993 , (4) HIV-induced over-production of IL6 and other B cell stimulatory cytokines (Rosenberg & Fauci 1990 , Breen et al. 1990 , Birx et al. 1990 , Amadori et al. 1991 , Rieckmann et al. 1991 , Honda et al. 1991 , Martínez-Maza 1992 , Macchia et al. 1993 , and (5) the inappropriate expression of noncognate T/B cell stimulatory molecules (Macchia et al. 1991 , Chirmule et al. 1993 . While the relative contribution of these different mechanisms to B cell hyperactivation in HIV infection has not been defined, some information is available that allows the contributions of these different mechanisms to the induction of B cell hyperactivation to be judged. Chronic antigenic stimulation by HIV cannot be primarily responsible for HIV infection-associated B cell hyperactivation, since a majority of the activated B cell clones seen in HIV-infected subjects are not reactive with HIV antigens (Amadori et al. 1989) . V H 3 Ig molecules appear to be natural ligands for gp120, and V H 3+ B cells are activated by gp120 (Berberian et al. 1993) : this V H 3-gp120 superantigen interaction may be responsible for some of the B cell hyperactivation seen in HIV infection. However, this alone cannot account for this phenomenon, since the V H 3 B cell subset was seen to be completely deleted in people with AIDS and advanced HIV disease (Berbarian et al. 1991) , when B cell hyperstimulation is most marked (Mizuma et al. 1988 , Vincent et al. 1992 ). Therefore, at the point in the course of HIV disease when B cell hyperactivation is maximal, impaired immunoregulation of EBV+ B cells (Tosato & Blaese 1985 , Birx et al. 1986 , and/or cytokine and stimulatory molecule over-production, most probably play the dominant role in inducing B cell hyperactivation.
B cell hyperactivation in HIV infection: role of IL6, a B cell-stimulatory cytokine -There is significant evidence that the over-production of IL6, a cytokine that induces B cells to become Igsecreting cells (Hirano et al. 1987 , Matsuda et al. 1989 , can contribute to B cell hyperactivation in HIV infection. In the past, we have devoted much of our attention to elucidating the role of IL6 in AIDS pathogenesis, working in collaboration with Tadamitsu Kishimoto. We were the first to report that exposure of human monocytes to HIV leads to IL6 gene expression and secretion , and that elevated levels of IL6 and C'-reactive protein (CRP, an acute-phase reactant induced by IL6) are seen in HIV-infection (Breen et al. 1990) , work that has been confirmed by others (Birx et al. 1990 , Honda et al. 1991 , Lafeuillade et al. 1991 , Rautonen et al. 1991 , de Wit et al. 1991 , Clouse et al. 1991 ). In subsequent studies, we found that gp41 is the HIV-encoded product responsible for inducing IL6 production by monocytes (Takeshida et al. 1995) . Also, we have seen that IL6 levels are highest in advanced HIV disease, when B cell hyperactivation is most apparent (unpublished observation). Recently, it was seen by others that treatment of HIVinfected subjects with antibodies to IL6 resulted in a marked decrease in B cell hyperactivation (Marfaing-Koka et al. 1996) .
More recently, we found significantly elevated levels of IL6 receptor (IL6Ra'CD126') expression on B cells (CD19+ cells) and monocytes (CD14+) in HIV infection, with the level of IL6Ra expression being highest in those subjects who had high plasma HIV RNA levels (unpublished observation). The IL6 receptor complex is made up of gp130'CD130', a 130 kDa signal-transducing subunit, and IL6Ra'CD126', an 80 kDa cytokinebinding subunit (IL6Ra) (Greaing et al. 1992 . The response to huIL6 is controlled by the expression of IL6Ra: cells that do not express this receptor subunit do not respond to huIL6 . While gp130 is widely expressed, IL6Ra expression is regulated closely and controls responsiveness to IL6: activated, IL6-responsive B cells display marked IL6Ra expression, while resting B cells do not . Since IL6Ra expression determines IL6 responsiveness, and the altered expression of this molecule could contribute to immune dysfunction, we examined IL6Ra expression in HIV infection. An elevated number of IL6Ra-positive B cells and monocytes was seen in HIV infection (unpublished observation). These increases did not correlate with CD4 levels. However, preliminary studies suggest that elevated IL6Ra expression correlates with HIV plasma RNA levels (unpublished observation). Also, preliminary studies indicate that exposure of cells that have elevated IL6Ra expression to recombinant huIL6 usually resulted in increased STAT3 phosphorylation (unpublished observation). Unexpectedly, cells from some subjects who had high levels of IL6Ra expression did not display correspondingly increased STAT3 phosphorylation following huIL6 exposure. This suggests that down-regulatory mechanisms, such as the up-regulation of the recently described STAT-induced STAT inhibitors (SSI) , Starr et al. 1997 , Endo et al. 1997 , may occur in cells that express elevated levels of IL6Ra. Together, these findings suggest that IL6 over-production, and perhaps the enhanced responsiveness to IL6 due to the over-expression of IL6Ra, play an important role in B cell hyperstimulation in HIV infection.
The vIL6 , is a potential contributor to B cell hyperactivation in HIV infected people -HHV8 is a human g-herpesvirus (also called KSHV: KS-associated herpesvirus), originally found in AIDS-associated Kaposi's Sarcoma (AIDS-KS) lesions (Chang et al. 1994) . While HHV8 was initially identified from sequences seen in KS lesions, infection with this virus is not restricted to such cells, or to people with KS. In fact, HHV8 infection has been seen to occur widely in people with HIV infection, and appears to occur, albeit less frequently, in people who are not HIV infected (Lennette et al. 1996 , Knowles & Cesarman 1997 , Blackbourn et al. 1997 . Although HHV8 infection seems to be associated with KS, the role of HHV8 infection in the pathogenesis of KS remains unclear. Also, it is not clear whether the near universal HHV8 seropositivity seen in subjects with KS represents a new/recent infection, or the reactivation of a pre-vious infection with this herpesvirus. Certainly, other human g-herpesviruses, such as EBV, have a high prevalence of infection in human populations, with initial infection resulting in a life-long, low level of infection, which is tightly-regulated by immunoregulatory mechanisms (Tosato & Blaese 1985) .
HHV8, like EBV, appears to be tropic primarily for human B cells (Knowles & Cesarman 1997 , Blackbourn et al. 1997 ). However, the great majority of AIDS-lymphomas are not infected with HHV8 (Cesarman et al. 1995 , Knowles & Cesarman 1997 , the exception being a rare type of AIDS-lymphoma, PEL, which are HHV8-positive (Cesarman et al. 1995) . Therefore, even though HHV8 can infect human B cells, the direct infection and transformation of B cells by HHV8 does not seem to play a significant role in the pathogenesis of the types of lymphomas seen most commonly in people with HIV infection, in contrast to the role of EBV infection in IBL and CNS AIDSlymphomas (Knowles 1997) .
In spite of this, HHV8 infection might play an indirect role in the pathogenesis of AIDS-lymphoma, by producing a virus-encoded version of IL6, a potent B cell-stimulatory cytokine. Recently, various groups identified an HHV8 gene encoding a homologue of human IL6 (huIL6) , Nicholas et al. 1997 , Neipel et al. 1997 ). Shortly after this, the entire sequence of HHV8 was identified, and the HHV8 K2 gene was seen to encode vIL6 (Russo et al. 1996) . While vIL6 has somewhat limited (25%) amino acid sequence identity to huIL6, 22% of the non-identical residues represent conservative amino acid substitutions, and vIL6 appears to have a very similar secondary structure to huIL6, with four major a-helical segments and a signal sequence. vIL6 does appear to be biological active: vIL6 expressed in transfected eukaryotic cells was seen to induce the proliferation of huIL6-responsive murine cell lines , Nicholas et al. 1997 ) and can induce the phosphorylation of STAT proteins in an huIL6-responsive hepatocyte cell line (Molden et al. 1997) . Interestingly, vIL6-signaling, mediated through gp130 on hepatocyte cells, was seen to occur in the absence of the IL6Ra subunit of the IL6 receptor, in contrast to huIL6 signaling, which requires the IL6Ra receptor element (Molden et al. 1997) . The biological effects of vIL6 on human B cells have not been defined.
Since HHV8 infection is seen commonly in people with HIV infection and vIL6 can mimic the biological effects of huIL6, and since huIL6 is thought to contribute to B cell hyperactivation in HIV infection, it is important to define the biological effects of vIL6 on human B cells. Very recently, we initiated preliminary work to allow us to examine the biological effects of vIL6, and vIL6 receptor utilization, on human B cells. In these preliminary studies, we have cloned and sequenced vIL6, produced several specific anti-vIL6 sera, have expressed recombinant vIL6, and have seen that recombinant vIL6 (either expressed in E. coli or in transfected HeLa cells) has biological activity in a bioassay based on the proliferation of the huIL6-responsive MH60.BSF2 B cell line (Breen et al. 1990 ). In the future, we hope to delineate vIL6 receptor utilization and signaling pathways in human B lymphocytes, and to define the biological effects of vIL6 on human B lymphocytes.
B cell hyperactivation in HIV infection: potential role of cell-surface immune-stimulatory molecules -While the over-production of human and/or viral IL6 and other cytokines may be of great importance in the induction of B cell hyperstimulation seen in HIV infection, other factors must be involved, since several signals are necessary for the induction of B cell activation. In fact, the process of B cell activation involves an on-going "dialogue" between T cells and B cells, much of which is mediated by non-cognate, cell contact-mediated signaling via pairs of cell surface molecules (Schevach 1993 , Parker 1993 . Of particular interest are the B/T cell-ligand pairs of CD40:CD40 ligand, CD27:CD70, and B7.1'CD80'/B7.2' CD86':CD28. CD40-ligand, unlike CD28, is not expressed on resting T cells but is up-regulated following activation (Noelle et al. 1992 , Schevach 1993 , Parker 1993 , Roy et al. 1993 . Conversely, while CD40 is constitutively expressed on B cells, B7.1 and B7.2 expression is normally seen on activated B cells (Schevach 1993 , Parker 1993 . On initiation of cellular activation, the coordinated up-regulated expression of these molecules allows their interaction, driving further activation. While the over-expression of these cell-surface activation molecules has the potential to contribute to B cell hyperactivation in HIV infection, little is known about how these stimulatory molecules contribute to B cell hyperactivation, or to the development or growth of AIDS-lymphoma cells.
Recent preliminary studies have focused on the expression of cell-surface stimulatory molecules on B cells, as well as CD4 and CD8 T cells, in HIV infection. Elevated levels of expression of the following molecules were seen on B cells in people with HIV infection: CD40-ligand, fas'CD95', CD23, B7.2'CD86', and CD28 (unpublished observations). CD40-ligand and CD28 are cell-surface stimulatory molecules, normally expressed on activated T cells, but not on circulating B cells. It interesting to note that increased B cell expression of CD40-ligand was seen in people with advanced HIV disease, the same subjects that have the highest level of B cell hyperactivation and AIDS-lymphoma. Levels of B cell expression of CD40 (expressed on ~90% of cells) were unchanged, and levels of expression of CD27, CD70, CD30, B7.1'CD80', and TNF-R were decreased in HIV infection.
Since HIV infection-associated B cell hyperactivation is most marked when CD4 levels are low, we initiated studies to determine if CD8 T cells expressed immune stimulatory molecules normally expressed on CD4 helper T cells. This work was motivated by evidence that CD8 T cell clones isolated from HIV+ subjects could exert helper T cell activities (Erard et al. 1993 , Seder & Gros 1995 , Paganelli et al 1995 , Del Prete et al. 1995 . Helper T cell activity, for the induction of B cell activation/differentiation and Ig secretion, involves the secretion of several cytokines, as well as interactions mediated by cell-surface stimulatory molecules, such as CD40-ligand and CD70 (CD27-ligand). These cell-surface molecules are part of a family of TNF-like molecules, which also includes CD30 ligand and fas ligand, which interact with TNF receptor-like molecules on B cells, such as CD40, CD27, and CD95'fas'. CD8 cells might be expected to express elevated levels of molecules such as CD40-ligand and CD70, if they exert "type 2"-like helper activity for B cells. In preliminary studies, we have detected: (1) elevated levels of circulating CD8+ cells expressing CD70 or CD40-ligand in HIV+ subjects with low CD4 cell number, (2) elevated expression of B7.2 on CD8+ cells in HIV+ people with low numbers of CD4 cells, and (3) a positive correlation between CD70+CD8+ cells ("helper" T cell phenotype) and fas+CD19+ cells (activated B cell phenotype) (unpublished observations). This suggests that CD8 T cells, in people with advanced HIV disease, bear markers characteristic of "type 2" helper T cells. Most recently, work has focused on determining if a "type 2" pattern of cytokine production is seen in CD8 cells; preliminary results suggest that production of IL10 and IFNg, by CD8+ T cells from HIV+ subjects with advanced disease, was elevated (not shown). Together, these results raise the possibility that the inappropriate expression of stimulatory molecules, either on CD8 cells or on B cells, might function to induce B cell hyperactivation and/or promote lymphoma cell growth.
Finally, we have seen that AIDS-lymphoma cell lines express CD40-ligand, CD40, B7.1, B7.2, and CD28, as well as various other stimulatory molecules, including CD27 and CD70. Since several B:T cell ligand:receptor pairs are co-expressed simultaneously on AIDS-lymphoma cells, as well as on circulating B cells in HIV infection, these molecules could potentially be acting in an autostimulatory manner, thereby driving B cell hyperactivation and/or lymphoma cell growth. These possibilities will be considered in future studies.
